We study the low energy effective field theory of fermions with electric and magnetic dipole moments at finite temperature. We find that at one loop there is an interaction It may be possible to observe this effect in pulsar signals which propagate through nebula at high temperatures.
The last two dimension five operators in the effective action (1) 
where the trace
after some algebra this turns out to be
Therefore
with
To evaluate (6) at finite temperature we follow the imaginary time prescription of Jackiw and Donald [2] . There is a technical problem in taking the zero momentum limit of the vacuum polarization amplitude which is discussed in [3, 4] . We let the frequency k 0 take periodic values along the imaginary axis of the contour with period 2π β (where β = 1/T ). The integral dk 0 is replaced by a sum over the discrete k 0 :
Using this the vacuum polarisu ion amplitude (6) at finite temperature is
To evaluate the above integral we use the Feynman parametrization; that is
By using the eqn.(9) and the discrete values of k 0 the amplitude (eqn. 6) is given by
where
and
Factorizing (n 2 + 2na + b) by partial fraction and using the formula
the mode sum in the limit q → 0 is
. Then the vacuum polarisation amplitude, using eqn. (13) yields
The interaction term corresponding to the vacuum polarisation amplitude eqn. (14) is obtained by supplying the external legs for photons to the polarisation tensor (5)
with Π(T ) given by eqn. (14). Integrating eqn. (15) by parts and using Bianchi identity ∂ µF µν = 0, we have
The gradient ∂ µ Π(T ) may be simplified as
where the definite integral has the value I(mβ) ∼ 0.4, for m ∼ T . The Chern-Simon interaction can be written as
is the four vector Chern-Simon photon mass which is determined by the electric, magnetic dipole moments of fermions with masses m i ≤ T .
Under gauge transformation δA µ = ∂ µ Λ the CS interaction varies as 
Then the equations of motion from eqn. (21)
gives the inhomogenous Maxwells equations
The homogenous Maxwells equations follow from the Bianchi identity
which in terms of E and B reads
Eqns. (23) and (25) can be combined to yield the wave equation
Consider a wave propagating in the direction of the temperature gradient ∇T .
Choosing the z − axis along the direction of wave propagation we find that for the circularly polarised combinations
the wave equation (26) decouples as
Where the plasma frequency ω p = N e/m e is determined primarily by the electron number density in the hot medium. The effect of the CS term is to introduce a difference in the phase and the group velocities of the two circularly polarised modes. This is reflection of the P and T violation caused by the CS interaction. From the dispersion relation (28) we obtain the group velocities of the two polarisation modes
The group velocities of the two circulaly polarised modes of the same wavelength are different. The group velocity of either polarisation never exceeds the velocity of light in the zero temperature vacuum since at finite temperature the plasma frequency is always larger than the Chern-Simon photon mass.
Consider the propagation of a pulsar signal through the hot nebula surrounding it.
As the light pulse propagates through the hot plasma the (-) helicity modes with the smaller group velocity will fall behind the (+) helicity modes. The time lag between the two modes after propagating through a distance D of the nebula be computed from the arrival times t ± given by 
